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Pricing elements

The following chart details the costs for SD 204. The PBXs include all networking
hardware and software to accommodate the stations detailed above. All new station

. sets were included. A aggregate purchase amount was developed, and costs amortized
over 7 years. The network costs include T1s from SBC at the 60 month ICN rate.
Maintenance was included for 5 years.

Quantlty Cost Total
Elementary Schools 22 43,900 965,800
MS ' 8 53,000 318,000
AHS 1 53,000 53,000
Fresh Campus 2 53,000 106,000
WVHS 1 151,750 151,750
NVHS Hub 11 255,500. 255,500
DEC Hub 1 221,000 221,000
Buildings & Grounds 1 35,000 35,000
Total 35 2,106,050

Assuming that the district would finance the purchase of this equipment, & 7 year loan on
2,021,800 @ 3.75% would create a monthly payment of 28,545 for the equipment. -

The network costs to support this ‘configuration are as follows:

Monthly Unt Cos Month Cost

PRI Circuits 5 600 3,000
Interconnect T1 2 196 392
T1's to Aurora hub 10 196 1,960
T1 to Naper hub 19 156 3,724
POTS back up 74 17 1,258
Total 10,334

' The annual costs are

Monthly CPE 28,545
Monthly Network 10,334
Tatal 38,879
Annual Cost 466,548
Maintenance yr 6 & 157,954

The annual costs of $465,000 compares to a Centrex cost of $418,000.
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.- Total monthly cost

 [Monthly CPE 28.545 |

Monthiy Network 10,334
Total 38,879
Annual Cost - 466,548

Maintenance yr 6 & - 157,954

The monthly cost of a PBX salution is more expensive than a Centrex altematwe but not
by a wide margin. It would be expected that a formal procurernent would have
downward pressure on both figures.

203 in a PBX mode overview

The configuration for SD 203 would also be a series of interconnected PBXs. One main
hub would provide access for all locations. The assumption is that PSAC would be the
hub. Either high school could also be designated as hub. Two PRIs would terminate in
the hub PBX and provide access to all other locations.. Actual counts were considered in
determining the size. Three major issues would need to be resolved through further
analysis: should two switches be used for network access (a PR! at North, another at
PSAC or Central/PSAC), thereby providing better back-up in the event of a problem?
Should a single switch serve both Central and PSAC, or should they be separate?? For
purposes of this analysis, we are assuming separate switches. The following was used:

. Elementary schools: 15 analog stations; 5 digital stations; and 2 back-up
PQOTS lines terminated in the switch (14 schools) _

. JHS, freshman campuses: 35 analog stations; 15 dzgttal stations; and 2
back-up POTS lines.

* North High School: 165 analog stations; 35 digital stations; and 4 back-up
PQTS lines terminated in the switch

. Central HS: 185 analog stations; 35 digital stations; and 4 back-up POTS B
lines terminated in the switch

. PSAC: 2 PRI; 20 T1s to schools; 75 digitai stations and 4 back-up POTS.

Each PBX would have a T1 circuit to the main switch. It would carry all traffic, intra-
district and PSTN. PSTN traffic would go out over the PRIs. Voice messaging would be
centralized and all traffic originating or terminating on the other hub would be camied
over these lines. All users would have DID numbers.
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The following is the cost estimate: -

Quantity -~ |Cost ' Total
Elementary Schools 14 25,500 357,000 |
JHS 5 40,500 - 202,500
North 1 103,000 103,000
Central/PSAC 1 279,500 279,500
Total 21 942,000

Assuming that the district would finance the purchase of this equipment, a T year toan on
942,000 @ 3.75% would create a monthly payment of 12,767 for the equupment.

The nefwork costs to support this conﬂgurati_on. é‘re as follows:

“TMonthly Unit CogMonth Cost |

PRI Circuits 2 : 600 1,200
T1's to hub 20| 196 3,920
POTS back up 46 17 782
Total : ' 5,902

Total monthly cost

Monthly CPE

Monthly Network

Totai .

Annual Cost 224,028
- |Maintenance yr6 & 70,650

The monthly cost of a PBX solution is more expensive than a Centrex alternative. The

- total monthly cost of 18,669 compares to an estimated 12,600 in a Centrex mode. If the
- district were to deploy phones in all the classrooms, that margin would narrow because
each phone deployed would result in another Centrex line, but in the PBX solution it
would merely be another extension with no monthly charge. It would be expected thata
formal procurement would have downward pressure on both figures. The monthly total
of 12,767 includes 985 Ilnes plus the digital trunk serving PSAC.

It should be noted that the cost per station of a PBX solution is quite high for SD203.
this is true, in part, because of the relatively few stations in each switch, coupied w:th the
network hardware in each switch.
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" The City in a PBX mode overview

The configuration for the City would be a series of mterconnected PBXs, or survwable

‘port:ons of a single PBX, located in the major faciiities of the City. The number of

. switches is not particularly important, providing connectivity can be provided at a -

- distance limitation of 3-miles or less. Switch location could be connected to each other

- via the private network, and connected to the Public Switched Telephone Network

. .(PSTN) via the SBC office in Naperville. The PSTN connections would be primarily .~ .
ISDN Primary Rate Interface circuits providing for shared Direct-In-Dial (DID) and Direct-- -

Out-Dial (DOD) services within the same digital circuits. Using the private network, and

- several PSTN access/egress points, the configuration could be made highty rellable the

only single point of failure being the SBC Naperville Central Office.

'_In a PBX environment, several factors must be added to the analysis. Digital trunkmg -
- to link the system to the PSTN — was already mentioned. Also, the city would likely |
move to mostly digital telephone stations to replace the existing Meridian key systems .
and the ISDN sets. The city will also have the cost of the network hnkmg all of its
facilities. The followmg PBX cost estimates are based on:

» An analog PBX station line purchase cost of $3OO
= A digital PBX station line purchase cost of $300; -

» An average cost of digital telephone at $200;

= A 5% annuai growth rate of statlon Ilnes and,

= 230 digital trunks.

The following chart details are estimate of the purchase costs for a PBX system:

390,000

Digital Line 1,300 $ 300 3

Anaiog Line 160 3 300 $ 48,000

Digital Telephone 1,300 $ 200  $ 260,000

ACD System 1 $ 100,000 $ 100,000

Voice Mail System 1 $ 75,000 $ 75,000
Total . ' $ 873,000

= &

In order to compare the purchased PBX system to the Centrex system, the cost of
maintenance, after the first year, and the cost of local access to the PSTN, should be
* added to cost of paying for the PBX purchase price over a period of years. For this
example we have estimated:

0 A 7-year lease of the PBX equipment and software at an interest rate of 3.75%,
which yields a month payment factor of 1.3654% of the initial purchase price.

a A monthly maintenance factar of 0.5% of the initial purchase price. Itis important
to remember that the purchase cost includes a 12-month warranty so the
maintenance cost is applicable to Year 2 and beyond.

- @ A monthly access cost for ten (10} PRI circuits at $600 per circuit.
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_-The City in a PBX mode overview

The configuration for the City would be a series of interconnected PBXs, or survivable -

portions of a single PBX, located in the major facilities of the City. The number of

‘switches is not parﬂculariy important, providing connectivity can be provided ata -

- distance [imitation of 3-miles or less. Switch focation could be connected to each other

- via the private network, and connected to the Public Switched Telephane Network
{PSTN) via the SBC office in Naperville. The PSTN connections would be primarily - .

ISDN Primary Rate Interface circuits providing for shared Direct-In-Dial (DID) and Direct-- -

Out-Dial (DOD) services within the same digital circuits. Using the private network, and

- several PSTN access/egress points, the configuration could be made highly reliable, the

only single point of failure being the SBC Naperville Central Office.

“In a PBX environment, several factors must be added to the analysis.” Digital trunking -
~ to link the system to the PSTN — was already mentioned. Also, the city would likely
move to mostly digital telephone stations o replace the existing Meridian key systems .
and the ISDN.sets. The city will also have the cost of the network hnkmg ail of its
-faczhtles The fol]owmg PBX cost estimates are based on:

An analog PBX station line purchase cost of $300;
A digital. PBX station line purchase cost of $300; -

An average cost of digital telephone at $200;

A 5% annual growth rate of stat:on hnes and,

230 digital trunks.

The following chart details are estimate of the purchase costs for a PBX system:

390,000

Digitat Line $ 3

Analog Line 160 3 300 $ 48,000

Digital Telephone 1,300 $ 200  $ 260,000

ACD System : 1 $ 100,000 $ 100,000!

Voice Mait System 1 3 75,000 $ 75,000
Total . ' $ 873,000

In order to compare the purchased PBX system to the Centrex system, the cost of
maintenance, after the first year, and the cost of local access to the PSTN, should be
added to cost of paying for the PBX purchase price over a period of years. For this
example we have estimated:

O A 7-year lease of the PBX equipment and software at an interest rate of 3.75%,
which yields @ month payment factor of 1.3654% of the initial purchase price.

a A monthly maintenance factor of 0.5% of the initial purchase price. It is important
to remember that the purchase cost includes a 12-month warranty so the
maintenance cost is applicable to Year 2 and beyond.

0 A monthly access cost for ten (10) PRI circuits at $600 per circuit.




Telecommunications Report s " Naperville Net " -

‘The table below summarizes the monthly PBX costs under an equipr'neht lease sceﬁario‘:

11,920!

Equipment

$
|Maintenance , $ 4,365
lAccess $ 6,000
Total .. $ 22,285

| Park Disfrict Considerations '

The Park District recenﬂy completed an extens:ve review of their services. That analyszs
resulted in a thoroughly modermn Centrex system ta serve.the Park District’s needs. The .
PD’s Centrex includes extensive ISDN for voice from the Naperville CO, as well as

- electronic key service to Naperbrook from the Bolingbrook CO: The District has
implemented £E911 service. Given the nature of the Park District’s deployment (many - _
small sites), and the investment that has been made in both ISDN & EKTS equ:pment, a -
" move to deploy PBXs would not be cost effective.

“Library- Cons:deratlons

The Library has recently dec:ded to purchase and deploy PBXS to the three main sites.
Contracts are in-place or about to be signed. Mitel switches will be interconnected to
Nichols, which serves as the main hub. PRI will be used for access, with back-up
analog trunks at all swﬂches

20
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Voice over IP

Background and History -

Over the last several years, the manufacturers and developers of data network servers
and routers have participated in the development of technalogy to carry voice over the
same networks, and using much the same network hardware and software elements, as
are used to carry data information. The use of the Local Area Network (LAN) and Wide
Area Network (WAN) hardware and software to effectively carry voice traffic — wndely
referred to as Voice over Internet Protocol (VolP) — offers the potential for significant
efficiency and cost-effectiveness in overall networking. This technology has been
generally available for the last 18-24 months. While still not fully mature, VoIP systems

- will have significant impact on voice telephony over the next several years, as the
convergence of voice and data technologies offer enormous promise to all users. -

Featuires & Functions

VolP systems offer an interesting feature / function comparison with traditional PBX
systems. The VoIP systems offer a number of new features, unavailable on traditional .
PBX systems — for example, PC plug compatibility; the capability of re-locatinga
telephone without any hardware or software changes. Yet these same systems lack, or
. have extremely limited capability to provide, some of the traditional PBX features and -
functions. For instance, the VolP systems are very inefficient in the usé of traditional
analog lines, even for purposes such as fax machines, and have serious deficiencies in

_ the area of 9-1-1 notification to Public Access Safety Providers (PSAP). In general
terms, VolIP systems offer some unique feature applications, but lack the overall feature
robustness of traditional PBX systems. '

Functionally, VoIP systems offer interesting management synergies. Technologicaily

- there is little difference between a VolP server that provides for call management and a
LAN server that provides data connectivity for PCs. The power of VolP is that voice is
now treated exactly as data has been treated for the last 7-10 years. Therefore, the
same personnel and systems that support today’s data systems are available to support
and troubleshoot the VoIP systems. These management synergies potentiaily could be
very powerful. However, it is important to remember that while the skill levels required to
support the voice and data are identical, the staffing hours required to support the voice
applications tend to be consistent, regardiess of the system lmplemented

Costs

The following internet Telephony Protocol cost estimate is based on the following:

No analog telephone station lines (cost variance is minimal),

A digital line purchase cost of $300;

An average cost of digital telephone at $300;

Appropriate PRI circuits to meet access requirements of the entities
Analog lines (POTS) for back-up at each building in the school districts
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« A network infrastructure is rn-place and supporting other applications
»  Station counts were consistent with other PBX models

3D 204 ' BRE) 1,044,000

SD 203 _ 1,040 | 624,000f 28,008 | _ 56,160
City 1,460 | 876,000 72000 78,840 |
Park District NA | NA | NA | NA_

Library N/A N/A N/A N/A

Annual Cost

SD 204
Monthly CPE 26,349
Monthly Network 4,290
Subtotal 30,639
Month Maintenance yrs 2-7 14,580
Total Monthly 45219
Annusl ' 542,628
- 3D 203
Monthly CPE ‘8,457
Monthly Network 2,334
Subtotal ' 10,791
Month Maintenance yrs 2-7 4,680
Total Monthly 15,471
Annual 185,652
City of Naperville s .-
: Sz SRNobEEr o
Monthly CPE 11,873
Monthly Netwaork 6,000
Subtotal 17,873
Month Maintenance yrs 2-7 6,570
Total Monthly 24,443
Annual 293,316

22




‘ Telecohtmuﬁicafidnskeport S S Naperville Net L

Side by side comparison of major options

City | 170,400| 267420| 293316

18D 203 148,830 224,028 185,652

SD 204 : | 418,314 466,548 542,628
L - {Park District N/A __N/A N/A
i ' ' Library N/A N/A NIA

b - In any comparison of major telecommunications options, it is important to note the
: impact of ERate fundmg ERate rebates are available for that vast majority of costs
related to Centrex service while customer owned PBX and P telephony services have
not proven to be ERate eligible.

_ If the City became a CLEC, IP telephony services could be packaged by the Cityasan -
i “IP Centrex” type offering. In this scenario, voice services, including voice mail would be.
' _ provided by the City as a Service Provider (CLEC) to the other organizations. Local dial’
. . tone for backup and 911 would be the responsibiiity of the individual organization. This -
~ appears to be defensible, but has not been tested through an ERate filing.
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~ll. Data Network Serv:ces and Internet Access in a
Naperville Communlty Network

The following section summarizes costs for a Napervﬂle Communlty Network that s
based leveraging the existing Public Works Department — Electnc duct bank system and
existing fiber (where available). .

Assumptions

In order to develop functional cost models that project expenses for several years, we
developed a series of assumptions. Whenever possible, we validated the assumptions
with the appropriate authority. Additional design assumptions were developed for -

- various portions of the Feasibility Study, these will be documented thh that portlon of
the Study.

Bandwidth for Internet Access will grow at a combined 30% éﬁnual rate: Thisisamuch .©

slower rate than some organizations have experienced recently, current growth rates
can not be sustained over long pencds of time.

Current flincis Century Network internet access pricing will continue as contréctéd .
Staffing at each organization will remain static, all Napemlle Commumty Network
design, implementation and operational tasks will need to be performed wnth externai

resources.

The current construction plans for the Naperville Public Utiiities mfrastructure will
continue as forecast. :

City duct bank installation will continue as planned by the Department of Public Utilities.
The following table summarizes the current duct bank installation schedule. -

Municipal Center (1 LAN) Complete

Police Dept./Fire Admin

Fire St.#7 ~ Complete

Electric Service Center Complete

Water Tower West Complete

Water Service Center (2

Buildings) : 04/05
CEECM & Springbrook

(2 bldg wifibr) 04/05
Fire Station #1 Complete _

Fire Station #2 04/05
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i Fire Station #3 : Complete :
. ' | Fire Station #4 ] 04/05
Fire Station #5 04/05
Fire Station #6 - 04/05
S Fire Station #8 & Clyde
’» 2 Bldgs) . Complete
| , Municipal Center (1 LAN) |  Complete
Police Dept./Fire Admin
Fire St.#7 Complete

Background

The Naperville Park District, Naperville School District 203 and Indian Prairie School -
- District 203 currently maintain separate data networks. The City of Naperville and the

Naperville Public Library System share a data network that inter-connects alt their

facilities. The City and Public Library each maintain their own intemet access.

The characteristics of the school district and library networks are different from the Park
District and City. The library network is primarily used for intemet access. The School
District networks are split evenly between internet access.usage and internal networking.
The Park District and the City primarily use their networks to access mtemal systems

] -~ internet access is a much fower percentage of total volume.

' Currently, none of the arganizations invalved in the Study use the network to transport

’ significant amounts of video traffic, although all the organizations expresses a desire to
use video for applications including video surveillance, video conferencing, distance
leaming, internet video activities and training.

None of the organizations involved in the Study use the data network to transport voice |
traffic. Although Scheol District 203 has a pilot Voice over IP system installed in an
" elementary school.

Naperville Park District _

The Park District network consists of 11Mb wireless links between the Park District
buildings that are located on the north side of the river. The more remote locations are
connected by T1s with the Park District Headquarters as the hub for the T1s. Internet
access is provided through a T1 connected to Park District Headquarters.

Currently, the Park District has sufficient bandwidth to meet it's needé. The Park District
has purchased two additional buildings in the area that they are planning to connect to
the network using wireless access points.

Naperville Public Library

The two existing Naperviile Public Library locations are connected through the FDDI ring
that the City of Naperville leases from AT&T Camcast. Each Library maintains a

25
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separate T1 based intemet connection. The Library plans to add a second T1.of internet -~ |
access at the Nichols facility. o

The Naperville Public Library is in the process of constructing a new building on 95"

" Street. This building will be connected'to the other buildings by a 1Gb fiber optic

connection to the City of Naperville network. The Library plans to lmplement two T1s for
internet access at the new facility. :

City of Naperville

The majority of City locations are interconnected through the 100Mb FDDI ring that is
currently provided through AT&T Comcast. The FDDI ring connects Municipal Center -
‘and 16 outlying locations. Some City locations, including the Munmicipal Center, Public
Works and Police and Fire Administration are connected through City owned fiber optic
‘links that operate at 1Gbps. Implementing a Gbps fiber optic network to replace the
existing FDDI ring is under consideration for all City Iocations

The City is connected to the internet through a single T1. A backup internet connec:tron o
- is des:red as a result of the TOP exercise that was held recent!y '

Naperville CUSD 203

All Naperville CUSD 203 school locations are connected through T1s to the
Administrative Center in a star configuration. The Administrative Center has a T3
connection to the intemet. Currently, peak internet traffic is 7Mb to 8Mb equavalent to
approximately five (5) T1s of bandwidth.

District 203 is experiencing bandwidth shortages between the Administrative Center and
the two High Schools and will be experiencing bandwidth shortages between the
Administrative Center and the Junior Highs in the near term. : '

- Indian Prairie CUSD 204

Indian Prairie CUSD 203 schools are inter-connected through a web of 11Mb wireless
connections. These connections are configured in a circular manner, each connection to
an adjacent school is based on the availability of line of site. Each school has two
connections, providing alternative paths in the event of a failure of any specific link. In
‘general, the High Schoois act as collection points for the other schools and forward data
network traff' c on to the PSAC.

Indian Prairie 204 recently installed separate 100Mbps wireless links between the. PSAC
and each High School. These links serve as the primary traffic consolidation points
between the remaining schools and PSAC. Each of these 100 Mb links are currently
reaching a peak utilization of between twelve (12) and fourteen (14) Mb of bandwidth.

Indian Prairie 204 maintains approximately 9Mb of internet bandwidth through six (6)
T1s to ICN. These six (6) T1s are fully utilized at peak times. The District is considering
expanding the amount of internet bandwidth available to approximately 20Mb. Purchase
of a DS-3 (45Mb) of bandwidth would be the districts optimal solution.
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- Proposed Network

For this feasibility study we propose that each location be provided with a fiber optic .
termination point. This termination point will contain a patch panel with 12 strandsof =~ =
single mode fiber. We propose that the organization will be responsible for providing the .-
electronics within the facility that connects to the Naperville Community Network. -

A termination point will be1Gb or more, depending on the the need for higher speed '
connections between the collection points and the core network. Each termination point ~
~wilt be connected to a Layer 3 switch that wit be owned and administered by the o

~ Naperville Community Network project. For each organization, a separate VLAN will be
configured. The VLAN will provide securlty through a completeiy separate virtual

network for that organization.

The VLAN will encompass all of the organizations locations and include a separate

“DMZ" at the point of internet connectivity. The “DMZ” will provide a location for any :
internet/web site screening software that may be utilized by the organization. Also at the
point of internet connectivity will be a firewall. The firewall will be administered centrally

to assure overall security meets a high standard. Because each organization will be on

a separate VLAN, firewall configuration settings'can be customized by organization.

After evaluatmg several alternatives, the most cost effective high bandwidth, high
reliability solutien for the Naperville Community Network is a fiber optical ethernet
network with concentration points for ail faczhtles at key City owned locations.

For this Study, we determmed that City of Naperw]le Fire Stations we the best collection
points. The Fire Stations are geographically dispersed to minimize fiber optic cabling
distances. They are staffed 24 hours a day, seven days per week and the staff is .
security conscious. We priced three alternative cost structures for this study.

The first alternative priced was a SONET based nletwo‘rk that the Fire Station Collection
Points in a redundant ring configuration. All other locations wouid connect to a Fire
Station Collection point through either 2 100Mb or a 1Gb fiber optic connection.

Internet Access Bandwidth Usage

Some initial resuits from District 204-sh'0w that intemet bandwidth usage is
approximately 50% of overalt bandwidth utilization. This is shown in the below graph
- that classifies bandwidth utilization by type.
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Top 10 Classes

Class Nane Average Rate {(bps) (X}
B1. sInboundAlabons e HTTP 2tk 352
B2, /Inbound i L-Default 59.tk 1%
£ 3. 7Inbound SSL 15,9 4
5 4. ~Inbound Granger 5.3 4
B5. /Inbound-NPEC-Audio 13.7% 2
H6. /Inbound-tlintedia 9TTE 2
H7. /IeboundrindianPiains Ddefault BB&T z
M8, /InboundQuickTine 324 2
N9. /trbound TPEG-Vides 78979 2
; Nie. sInbourd-iihiteEagle 6493 2
' 4.1k 12

¥ All other classes

periods l-wewk, 21-May-2803 13:68 to 20-tay-2683 (3:08

In addition to the above graph, bandwidth utilization from the two feeder connections
peeks at about 20Mbps. Currently, internet bandwidth utilization peeks at about 8Mbps,
but the opinion of 204 netweork engineers is that this number is constrained by available -
bandwidth and would be closer to 10Mbps if sufficient bandwidth was available.

We have surveyed all the participants pro;ected Internet Access Usage in the 2003-2004
“year for this study. The bandwidth reqwrements of each participant and expected
annual cost are detailed below. :

City 1.5Mb 1Mb | $10,452.00 iMb | $10,452
Library 3Mb 3Mb .00 7Mb |  $49,800
Park District 1.5mb SMb | $11,306.40 SMb | $11,306
CUSD 203 45Mb - 8Mb | $36,912.00 8.5Mb | $36,912
CUSD 204 9Mb 9Mb | $17,136.00 16Mb | $36,912
Total: 8SMb 21.5Mb | $75,806.40 34Mb | $145,382
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Based on our conversations with the lilinois Century Network (ICN), we expect that the
following cost structure will apply to the combined internet access bandwidth for all five
entities.

i City 45Mb 1Mb $10,452| 1Mb $3,936
o Library 45Mb 3Mb $48,800 7Mb $3,936
3 Park District 45mb .5Mb $11.306 .SMb $3,036
- CUSD 203 45Mb 8Mb $36,912 9.5Mb | $36,912
CUSD 204 45Mb SMb | $36,912 16Mb $0
Total: 45Mb 21.5Mb $145,382 | 34Mb | $48,720

Based on the above, we expect the combined entities to save slightly less than $100,000
per year in internet access fees. Because of internet access bandwidth is purchased in
large blocks, the exact savings from year to year will vary, but should average out to the
$100,000 mark over time.

We would expect to allocate intémet Access Costs based on the percentage of
bandwidth forecast to be used during the budget year. Using the above information, we
| could expect the cost savings to be distributed as follows: :

City Mb 1 29% $10,452 | $5,021.65| $10,452 $5,430.35

Library - 7Mb 20.6% $49,800 | $11,535.53 | $49,800 | $38,264.47.

Park District .5Mb 1.5% $11,306 | $4,478.82( $11,306 $6,827.18

. CUSD 203 8.5Mb 27.9% $36,912 | $10,313.65| $36,912| $26,598.35

} CUSD 204 16Mb 47.1% $36,912 | $17,370.35 $36,912| $19,541.65
Total: 34Mb $145,382.00 | $48,720.00 | $145,382 | $96,662.00 |

School district 203 has recently upgraded bandwidth from individuals T1 to a T3 (45
Mbps) and is currently using a peak of 9.5 Mbps. Internet usage growth at district 203 is
expected to be 20% annually for the planning period. Although, we can not help but
wonder whether the current network configuration naturally limits internet bandwidth
utilization and growth for district 203. Combined growth of internet bandwidth utilization
at 20% compounded annually is graphed below.
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Combined Projéctéd Internet Growth at 20%
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School district 204 is currently reaching a peak utilization of 8 Mbps of internet
bandwidth. This is probably the maximum throughput possible given the 9 Mbps of
‘available bandwidth. For the coming school year, interet access bandwidth
consumption is expected to be approximately 16 Mbps. We developed a-simple
mathematical model to parallel district 204's internet access bandwidth consumption, our
model shows that 204's internet access bandwidth needs basically double each year.
We do not feel that this level of increase in bandwidth needs’is supportable over the long
term, therefore we feel that an increase of 30% or more, compounded annually is

- reasonable. Combined growth of internet bandwidth utilization at 30% compounded
annually is graphed below

Combined Projected Internet Growth at 30%
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This graph leads us to forecast that, in a combined environment, a single T3 .(45Mbps)
will provide bandwidth through the 04-05 school year. A second T3 will be required for
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the 05-06 school year. The two T3s will be suﬁ' cient through the 06-07 school year,
when an OC3 will be required.

Orverall Bandwidth

Using the ratio of 2Mbps of total bandwidth to 1Mbps of internet access bandwidth, we
can "back into” a calculation of overall network bandwidth usage. Our pro;ec’uons are
- based on the fastest growing entities — school districts.

During the requirements gather phase, all participating entities expressed an'interest in’
developing and implementing video conferencing capabilities. While we feel that the
video industry has a strong interest in improving compression algorithms to limit
bandwidth utilization, we have added 10% to the annual growth prc;ectlon to
accommodate video applications.

Bandwidth Growth Projected at 40%

—— Mbps
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Year

The above table shows that aggregate bandwidth will remain under 1 Gbps throughout
the planning horizon.

We understand, because of the properties of ethemet and peak utilization, bandwidth
utilization does not equate directly to bandwidth requirements. Therefore, we propose to
double the available bandwidth at each aggregation point from 1 Gbps to 2 Gbps, and to
implement a 10 Gbps redundant core network.

Network Alternatives

We investigated several network alternatives including SONET, Cisco Optical
Networking and gigabit ethernet solutions. During our investigation, we used Cisco as .
the baseline for equipment and cost models. Our work with other clients leads us to
believe that an open bid process that includes Cisco and other vendors would probably
resuit in a project cost reduction of 20% or more from the estimates included in this
report.
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SONET |
SONET (Synchronous Optical Network) provides high speed, fully redundant network
transport in a ring configuration. SONET provides “five 9s” camier class reliability and is -
often used by financial institutions and others that demand high performance and’

- maximum rehabxhty _ ,
The cons to SONET are:

» Bandwidth comparable to gigabit ethemet is expensive (expect 3to4 t:mes the
price).

. Conversion to and from gigabit ethemnet is can be cumbersome.

e Management and troubleshooting of SONET requlres dlfferent management
tools and highly qualified personnel. ‘

We recently investigated SONET for an E911 dlspatch center. Even in an £511
environment, the expense of SONET was not justified versus the simplicity and low cost
of redundant gigabit ethemet paths. Therefore, we did not develop a specific SONET
based cost model for this feasibility study. .
Ethernet
: We all understand the pros and cons of ethermnet based solutions.
Pros: |

e Inexpensive

e Simple to use and manage

o Ubiquitous

¢ Higher bandwidth altematives available on a regular basis
Cons:

e Does not scale gracefuily |

e Throughput rates much less than bandwidth rating

e Slower to synchronize in the event of an outage

The “Pros” of ethernet base solutions outweigh the “Cons” for the Naperville Community
Network project as they do in most projects that we undertake.
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Collection Points

Because of the large distances that the five organizations covered, it qmckly became '
apparent that designing & fiber network with redundant connections to each location
would be cast prohibitive. In fact, other municipal fiber networks that we have des:gned'
utilize a star configuration, because creating a private fiber optic ring is a very expensive
networking methodology. For this Study, we developed “collection points” for. outlying .
locations and developed costs for single mode fiber and gigabit ethemet connections to
the closest available coilection point.

We chose "collection'points” using two criteria:
1. “Collection points” are located on existing or planned City owned duct banks.

" 2. “Collection points™ are located near several remote locations and thelr location
reduces the cost of fiber optic cabling installation. :

We then developed two specific fiber optic and network topologies based on the
collection point method.

Core Triangle
We designed a ten gigabit core network tnangie that connects Electric Service Center,
Police and Fire Administration and Municipal Center and provides redundant
connectivity to the main mternet acecess point. The main advantages of this core
triangle are: '

¢ Redundant paths to the internet access point.

o Flexibility to add redundant internet connections

o [limited additional cost

Star Topology

The basic configuration we developed as a part of the Study was a Star topoiogy.
Individual sites are cannected using single mode fiber and gigabit ethernet to collection
points, the collection points are then connected to the “ core network” through two gsgablt
ethernet uplinks.

The primary advantages of this configuration over the following Ring configuration are:
» Reduced cost.

» Flexibility to increase bandwidth allocations on a collectlon point by collection -
point basis.

33
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Eo—

Water Service Center | .

PaliceiF

.Fire Station #4
 Fire Station #2
_ - | Fire Station #s
Cistrict 204 Admin E‘E‘J

Fire Station #8
Fire Staticn #6

Napem‘ile Community Network - Star

DEVELOPED BY: Technical Design Services, Inc,
DATE: 07/28

34




Telecommunications Report - L . NapervillaNet. .~ =~ -

‘Ring Topolbgy

The second configuration we developed is a Ring topology that was based on a o
previously developed City of Naperville design. This design provides additionali -
: bandwidth and redundancy for the various collection points. In the ring configuration,
. .. each collection point will be connected through two gigabit ethemet connections to two

other sites.

Fira Station #3

Fire Station #1

-
ter Sarvice _Ce'mer

Poli

.

Fire Station #4

Fire Station #2

Fire Station #8

=a

Fire Station #8 '

Naperville Commaunity Network - Ring

DEVELOPED BY: Technical Cesign Services, Inc.
DATE: : 07729

The primary advantages of this configuration of the Ring conﬁguratioh'are:

o Improved redundancy

o More bandwidth per site
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Network Design Assumptions

- For this Study. because of the diversity of eqmpmenf at each entity, we decided to--
provide each end node with a rmultiple single mode fiber patch locations. In other words _
the subscriber organlzatlon is responsible for the electronics at each end ncde '

Each subscnb:ng organization would be provided with a separate VLAN for all :
subscribing locations, meaning, while bandwidth would be shared by all locations,
network traffic would be segregated in a secure manner by organization. This is -
. especially important for controlling internet access, external electronic mail.and any Web

site screening that the organlzatlon may require. See the fo!lowmg internet connectivity
diagram., :
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Creating separate and secure VLLANs lead us to consider Layer 3 switches as a part of
the cost estimates. The major advantage of utilizing Layer 3 switches in the design is
the ability to route network traffic between nodes at each collection point, without
necessarily traversing the network core. The ability to route network traffic will reduce
the overall need for bandwidth and network latency. Based on these advantages, we -
have included the estimated cost of Layer 3 switches in the design.

We assumed that none of the participating organizations have the staff to design,
procure, install or manage the fiber optic cable infrastructure or the data network.
Therefore we included estimated fiber optic design, procurement and installation project
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management consulting fees in the cost estimates. We also included network desagn :
procurement and installation project management consulting fees plus two addmonat fuil
t:me network managers for the installed network infrastructure.

Estimated Costs

For this Feasibility Study, we broke costs into the categories of:

Fiber optic cabling costs
Network equipment costs
Annual costs

Combined costs

Fiber Optic Cabling Costs

Fiber optic cabling costs can geheraily be allocated by organization, with-each .-
organization responsible for the expense of connecting their sites to the network. We
have highlighted two separate cost items for additional network redundancy as options.

Fiber optic cabling $500,000

City
Park District Fiber optic cabling : $417,000
Library Fiber optic cabling ' $71,000 |
CUSD 203 Fiber optic cabling $1,050,000 |
CUSD 204 Fiber optic cabling '$2,270,000
Sub total: $4,308,000
. Redundant route Electric Service Center

ALL (option) | ¢ Municipal Center | $100,000
ALL (option) Fiber optic ring -$87,000

Total: $4,321,000

The following sections summarize the methodology used to develop fiber optic cablang
costs for the participants in the Study.

Fiber Optic Cabling Assumptions

All City of Naperville — Electric Department duct bank planned for instaliation
through the 04/05 year will be in place before the installation of fiber optic cabling
begins.

There are spare conduits in all of the duct banks that can be utilized for
installation of fiber optic cabling.
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All right-of—»way permissions will be granted, without any major costs.

Where utitity po!es are available, we assumed that the City will be able to use. the :
poles for fiber optic cabhng

. Fiber Optic Cabling Design Considerations

‘The Municipal Center, Police Department and the Electric Service Center wil be
the core network. A redundant fiber optic connection will be installed from the
- Electric Service Center directly to the Municipal Center.

Network is designed based on a star topology from “collection points” which are
-either star or ring cabled to the core network. The ring topology w:ll utahze
existing Electric Department fi ber optic cabling. -

Each node will be connected to the coliectlon points utlhzung 24-strands of
smglemode fiber optic cablmg

In a star topology, each collection point will be connected to the core network
utilizing 24- strands of singlemode fiber optlc cab!eng

In a ring topology, the coliection pomts will utilize four strands of the ex1stmg
singlemode fiber optic cabling. The existing fi ber optic cabling must be extended
into each of the collection points.

The fiber optic cabling will be brought into each of the nodes and be termmated
within a lockable, wall mounted 24" cabinet.

- The fiber optic cabling will be brought into each of the 'cdllectlon points and be -
terminated within an appropriately sized lockable cablnet(s) with adequate space
for the fiber shelves and the network electronics.

Costs for fiber optic cable installation for Nichols Library, the Park District
Administration Center and other sites to the north of the River are estimated
based on installing cable to Fire Station #1. We feel fiber optic cabling costs for
locations north of the river may be reduced if a direct connection to the municipal
center is installed.

Fiber Optic Cabling Cost Estimates
Cost estimates for fiber optic cabling were developed using the following methodoiogy:
Key buildings, including High Schools, Administration Centers and the Municipal Center

were visited in order to understand possible fiber optic cabling issues and estimated
distances and potential routing problems to network equipment rooms.
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Our consultants worked with the City of Naperville Public Works — Electric to gain an

understanding of:

¢ The existing duct bank system and including number of number of condu:ts per
duct bank.

e The duct bank construction schedule.
o Preferred routes. and distances from each facility to the duct bank system.
o Potential collection points and their pfos and cons.

« In some cases, alternative routes were discussed in detail because of poss:ble :
issues related to full conduits and limited access to pathways

o Methods of avoiding routing fiber optic cabling dlrectly through electric sub-
stations.

We also worked with the City to determine what (if any) fiber: optlc cable mlght be -
available for this project and where that cable would be located.

The City had previously completed a preliminary study that estimated the cost of
developing a data network to serve City and Library locations. We reviewed the.findings
~ of that Study and incorporated the ideas and cost estimates of that Study into the current
Feasibility Study as appropriate. :

To esti‘mate fiber optic cabling costs, we developed a cost modei that took into account”
all the key components of outside plant fiber optic cabiing installation. These include:

o Cost estimates for directional boring, hand holds, fiber optic cabling and labor to
pull and terminate the cable. If utility poles were available, costs associated with
installation on the poles was included. Costs were deveioped based on current
contractor cost estimates for similar work.

o Costs were estimated for fiber optic cabling for the distances from each facility to
the duct bank system, including the cost of building terminations, the conversion
to inside plant fiber optic cable, interduct and msrde plant fiber optic cable and
installation.

e Project management cost estimates and detailed design costs were also added
to the final cost estimates in the Feasibility Study. : :

o Costs for termination patch panels and locking cabinets were included.

Using the same cost model, we also estimated the cost of fiber optic cable from the
Collection Points to the core triangle network. As an option, we also estimated the cost
of creating two fiber optic cabling rings between the collection sites. One ring would be
for the northern collection sites and a second ring would be for the southern collection
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sites. From a fiber optic cabling perspective, the ring approach is less expenswe .
because there is spare installed singlemode fiber that could be used for this appltcation

Data Networking Costs AU R

Data networking costs were developed using the assumptions outlined above Key
components that are included in the cost structure are:

Layer 3 switching

Network management software

Network administration .

Hardware and software maintenance

Installation and project management costs - . . . ‘

High speed internet access and redundant firewalls o R e

Network costs can since network equipment and transport is & shared resource, network
costs can not be effectively allocated based on the location of the’equipment. In
addition, there are ongoing annual costs for equipment mamtenance and-support costs.
that must be considered. :

Total Network Costs (one time) |  $989.000|

Network Costs per Node (all nodes) $12200|
Network Costs per Node (1 Park District) 313,725 -
Total Annual Costs o $323,330.
Monthly Cost per Node (all nodes) . $330
Monthly Cost per Node (1 Park District) $375

The above costs lead us to the following table that describes costs for network
electronics, installation and ongoing support by organization:

[ City 13|  $160,000|  $52,000]  $66,000

Park District 10 $122,000 $40,000 $11,424
Library 3 $37,000 $12,000 $13,512
CUSD 203 23 $281,000 $92,000 | ~  $96,000
CUSD 204 32 $390,000 $127,000 $17,000
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| Total: | 81| $989,000| = $323,000]  $203,936 |

Based on bandwidth needs and annual network costs, we do not feel that the Park
District would be justified in connecting all sites to the Community Network. The cost
model shows that the Park District would benefit financially from a shared internet
access arrangement. Also, the Park District and the City would benefit significantly from
a high speed communications with the city for the exchange of GIS files and other
information. -

With a single park district connection, annual network costs change per the belov{l table:

City 13 $178,500 $58,250 $66,000
Park District ' 1 $13,500 $4,250 | $11,424
Library 3 $41,500 $13,500 $13,512
CUSD 203 23 $316,000 $103,000 $86,000
CUSD 204 32 $439,500 $144,000 $17,000
Total: 72 $989,000 $323,000 $203,936

Combined Costs ~ Fiber Optics & Data Network

Based on the above costs, we assume that the Park District will connect a single node to
the Community Network. This singte gigabit connection will allow the park district shared
internet access and to data sharing with the other Naperville Community Network
organizations. S

Combined one time costs for each organization are summarized below:

City $500,000 | $178500|  $678,500

Park District $34,250 $13,500 $47.,750
Library $71,000 $41,500 $112,500
CuUSD 203 $1,050,000 $316,000 $1,366,000 |
CUSD 204 $2,270,000 $439,500 $2,709,500
Total: $3,925,250 $989,000 $4,914,250

Projected annual costs are summarized below, these projected costs are for the
2004/2005 budget year. Internet access costs will increase over time, but [t is assumed
that cost ratios will remain approximately as forecast.
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$63.250

City 7§58 250 |

$5,000 $76,500 |-
Park District $4,250 $4,500 $8,750 $11,500
Library $13,500 $11,500 $25,000 $63,500
| . CUSD 203 $103,000 $10,500 $113,500 $133,000
CUSD 204 $144,000 $17,500 $1681,500 $51,000
Total: $323,000 $49,000 $372,000 $335,500

Using existing fiber based network proposals from the area, we calculated an average
per node cost for high speed fiber based networks. These commercial proposals were
all based on a ten (10) year contract. One was for an 18 site ATM network that would
operate at 155Mbps, the other was for a 22 site ethernet network a 1Gbps to the two .
High Schools and the Administrative Center and 100 Mbps to all other schocis. Neither
of these proposals provide the same level of bandwidth or degree of ﬂex:blhty that w:il be
available in a Communlty owned and operated network. o

A ten year cost comparison Naperville Community Network versus commercial purchasé
is included in the following table.

!

City

' $1 792500 |

$1261,000 |

$5631,500
Park District $138,000 $90,2501 - $47,750
Library $413,500 $247,500 $166,000
CUSD 203 $3,171,000 $2,356,000 $775,000
CUSD 204 $4.412,000 $4,149,500 $262,500

Total estimated savings over the ten year life of the netwark would be in the range of -
$1,750,000. This number will vary based on the final network configuration and any
upgrades that the participants implement during the ten year period.

Summary

This Feasibility Study clearly shows that there are significant financial advantages to
creating a Naperville Community of govemnmental organizations with common interests.
These organizations can then aggregate their voice and data networking requirements
and drive down costs for services. in addition, leveraging the City’s existing duct bank
infrastructure to develop a high speed data network that can be used by the Naperville
Community will be less expensive and more flexible than commercial offerings.

Over the near term, for voice services, it appears that negotiating an aggregate Centrex
purchase with SBC will result in combined cost savings of over $300,000 for the City,
Indian Prairie School District, Naperville Park District and Naperville Schooi District.
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Over the longer term, consideration should be given to leveraging any high speed data
networking services to provide IP based telephony to the participating organlzatlons

The Study shows that Ieveragmg the ex:stlng mfrastmcture to develop a high speed data
network is less expensive than commercially available product offerings. We also feel
that a Community Network that is operated by the organizations for there own henefit will
be show greater flexibility in meetmg the parhc:pants needs during the life of the
network.

'Creatmg a high speed data network that meets the expanding bandwidth reqmrements

of the participating organizations will require time. The City of Naperville duct bank
system that is a basic requirement for a cost effective network is not scheduled for
completion until the.04/05 budget year. During the 04/05 budget year detailed pianning
for a high speed network could begin.  We would expect that high speed services would
not be available to the participating organizations until sometime in 2006 at the earliest.
The Study shows that Ieveragnng the existing infrastructure to develop a high speed data -

- network is less expensive than commercially available product offerings.

Because of the savings that may be available from combined intemnet access, it may
make sense to cross connect the existing networks for the purpose of providing high
speed internet access to the partlc:patlng organizations pnor to an lmplementatton ofa
Community Network.

We feel that an aggregate purchase of Centrex services until 2007 or 2008 will allow
sufficient time for the construction and implementation of a data network that can then
be leveraged to carry voice traffic, making IP Telephony or PBX based. solutions much
more cost effective.
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Appendix -

| PBXAdvantages

Features—A PBX will be specifically configured to the ciient. [t offers the
comprehensive set of features available and makes umformlty eas:er to

" accomplish.

Networked PBXs would consist of muitiple systems networked together to
function as one. This provides level of “survivability”. The loss of one system -
would not necessarily cause a failure in the others

The costs of maintenance and hardware / software 'upgrades are included in the
monthly cost of the Centrex, whereas with PBX service the systems need not to
be upgraded uniess the City desires a specific new feature when it is introduced.

The bulk of the cost of PBXs is fixed when the equipment is initially installed;

therefore its expense is easily budgeted. The only variable of major significance -
is the cost of possible feature enhancements and maintenance. Long-term

. contracts can be negotiated for fixed prices, and seif—malntenance becomes an’
option.

The cost of growth is reduced. The cost of additional stations at an existing
location is greatly reduced. This allows the client to cost justify additional

‘teiephone sets at locations which may enhance employee productivity of publzc

convenience.

PBXs are is highly reiliable. As mentioned above they provide a level of
redundancy and reliability.

Networked PBXs allows the client to share its data communications network thh
its voice services. This prowdes higher-level network efficiency.

PBXs allow for improved capability to implement software changes without the
involvement of any other vendors. Software changes can be made on any of the
systems from one location; this software is extremely user friendly, and easily
accessible through the Internet.

Perhaps the biggest advantage to PBXs is that it would require a major
implementation, thus allowing the client an excellent opportunity to totally review
the specific needs of each individual user on the system.

_ Disadvantages

PBXs are a capital-intensive investment. If & significant new development
occurred in the industry, it may require ancther major investment to replace the
equipment. (No such breakthroughs are expected).

The vendor selected primarity controls PBXs. If that vendor goes out of
businesses, or chooses to no longer provide PBX service, the client may have
obsolete equipment.

Upgrades and software enhancements are totally controlied by the vendor
. selected. The city can request a feature or function be made available, but the
client has no control over the disposition of the request.
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Ancillary systems are required to be interfaced to the PBXs to prbwde r.isagé
information. Basic call accounting, under the Centrex system, is included in the
SBC billing.

Reliance on bulk facilities. PBXs anticipated in this study wauld be served by
bulk facilities. When a bulk facility goes down the effect is felt by many users. -

'Centrex Advantages

Centrexis a smgle system. There is no requ:rement for software to smulate the
“look and feel” of a single system — there is one system, Centrex.

All costs of maintenance and hardware / software upgrades are included in the
monthly cost of the Centrex.

Cast of the Centrex is highly predictable. The only variable of major mgmﬁcance
is the number of installed lines. Contracts can be long-term and at fixed prices.

The cost of growth is absolutely linear. The cost of each additional station is.
defined in advance, and regardless of the additional software or common '
equipment required to provide the next station, the cost of each addition is the
same.

" Centrex is highly reliable. Since the system is actually part of the SBC Central

Office, it is provided the same extreme level of redundancy and reliability
afforded the rest of the Public Switched Telephone Network (FSTN).

Centrex does not require a network to link all of its locations. No T1s, no fiber
optics, no network management are required — the network is inherent in
Centrex.

Recent changes to the Centrex have allowed for improved capability for the end
user to implement software changes without the involvement of SBC. Centrex-
mate service has been utilized by the city for some time, but the system has
recently become more user friendly, and easily accessible through the Internet.

Perhaps the biggest advantage to Centrex is that it requires no change.
Implementing a new Centrex agreement with SBC would be as simple as a billing
change.

| Céntrex Disadvantages

Centrex is primarily analog service. While ISDN Centrex is available, and is
currently utilized on a limited basis by the city, Centrex is primarily designed to
function in an analeg, simple singie line telephone set, environment.

Centrex is a rented service. Monthly charges extend through the life of a
contract and monthly charges continue regardless of the tength of time a line is
installed.

Centrex is primarily controlled by SBC. Enhancements, such as the recent
improvement to the Centrex-mate capablllty tend to occur at a slower pace than
enhancements to competing services, and in a time frame under nearly the total
control of SBC. ’
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» Upgrades and software enhancements are totally controlled by SBC. The city .
can request a feature or function be made available, but the city has no control
over the disposition of the request.

* Because it is primarily an analog service, Centrex does not integrate well with
‘ancillary products such as voice mail and Automatlc Call Distribution-(ACD).

» Centrex provides limited information on calling usage by station. Ancillary
systems can be Interfaced to the Centrex, however, as noted above, these
interfaces lack the capability available in competing services. Call acoounting
under the Centrex system is generally incomplete and lacking in timeliness,

= As with most technological enhancements, voice and data convergence is
developing more slowly in the Centrex environment than in the PBX environment.
{P Centrex products are developjng but there is no widespread dep!oyment of the
technology. : ,

VolIP Primary Providers

. The primary manufacturers of VolP systems include:

= 3Com
= (Cisco _
» Spheer Communications -

In today's marketplace, all VolP products, of all manufacturers, are sold through third-
party distributors. These distributors vary in size, experience, and size of average '

- customer. The distributor generally provides the direct customer interface services ~
design, installation and maintenance, both on-site component replacement and first-tier
software support.

v
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Comparison Table

The following table compares various features and functions of the three types of
systems discussed above — Centrex, PBX and Internet Protocol Telephony.. The ‘
comparison is not intended to be exhaustive; but ratherto deal with basic features and
functionality, particularly those issues most likely to be of concem to the city. '

Direct In Dialing , Yes Yes | Yes -
Analog Lines Yes Yes Limited
Digital Lines ' Limited | Yes Yes
Analog Trunks Yes Yes Limited
Digital Trunks . - . | Yes Yes Yes

" | Centralized Voice Mail . . Limited | Yes - Yes
Voice Mail integration L No - Yes Yes
Automatic Call Distribution No Yes = | Yes
Call Accounting : No Yes Yes
Intercom Calling ' Yes Yes Yes .
Single System - Actual or Virtual Yes- Yes Yes
Functional Telephone Instruments Limited | Yes Yes
Effective Call Routing _ - Limited | Yes Yes
High Reliability : “Yes Yes Limited
Converged Voice & Data Limited | Yes Yes
Moves without Programming No No Yes
Separate Cabling System Required . Yes ] Yes No
Unified Messaging . _ Limited | Yes Yes
Computer Telephony Integration Limited | Yes Yes
E-911 Support Yes Yes Limited
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STATE OF ILLINOIS
ILLINOIS COMMERCE COMMISSION

CITY OF NAPERVILLE

Application for Certificates of Service
Authority to provide facilities-based and
resold local exchange and interexchange
telecommunications services, or in the
Alternative, Request for Declaratory Ruling
than no such Certificates are required for
the City of Naperville to provide the
Proposed facilities and services.

Docket No. 03-0779
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CITY OF NAPERVILLE RESPONSES
TO FIRST SET OF DATA REQUESTS FROM
THE ILLINOIS TELECOMMUNICATIONS ASSOCIATION

DATA REQUEST

ITA 1.06 In Question #33 of Donald Carlsen’s testimony, he states that the money
to build the digital fiber optic system came from various sources. State the
amount of money that came or will come from each of those sources.

Response:  As stated in the Prepared Direct Testimony of Donald Carlsen in response
to Question #33, “The money to build the system came from Electric Revenue Bonds and
Electric Department Operating Revenues. Some of the network electronics were
purchased with General Obligation Bonds.” The actual flow of money as between
Electric Revenue Bonds and Electric Department Operating Revenues was not tracked.
All of the capital expenditures were recorded on the beoks of the Enterprise Fund for the
City’s electric utility. The network electronics that were funded from General Obligation
Bonds were merely the customer premise equipment needed at the City’s non-utility
buildings, specifically routers at the police station, city hall, the public works building
and six fire stations. The cost of these network electronics was approximately $300,000,
and the remaining approximate $1,650,000 came from the Enterprise Fund for the City’s
electric utility.
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April 19, 2001

Mr. Allan L. Poole, P.E., Director
Department of Public Utilities
City of Naperville

400 South Eagle Street
Naperville, IL 60566-7020

Naperville Department of Public Utilities
Electric Rate Study
Project No. 25141 (99-356-4)

Dear Mr. Poole:

Burns & McDonnell is pleased to present this report on the Electric Rate Study

- performed on behalf of the City of Naperville, Illinois (the City) and the Department of

Public Utilities (Naperville). The report provides an explanation of the analysis
performed to develop the allocated, unbundled cost of service for each of Naperville's
electric rate classifications. It describes in detail the data, assumptions, and methodology
used in completing the study.

The Electric Rate Study was developed based on the Electric Department’s fiscal year
1999 financial results. Annual revenues and expenses were projected through fiscal year
2004 and three-year averages for fiscal years 2002 through 2004 were developed,
resulting in the determination of the adjusted annual revenue requirement of $75,164,160.
The components of the adjusted annual revenue requirement were unbundled to 12
separate functional services before being allocated to 12 rate classifications.

The study determined that the potential exists to decrease total revenues by
approximately $6,386,879, or 7.8 percent. Revised rates were proposed that would
generate revenues estimated to total $75,163,216.

The proposed rate structure would eliminate and combine several existing rate
classifications where separate classes were no longer justified. In addition, a proposed
pricing structure was developed for service provided to customers with cogeneration.




Mr. Allan L. Poole, P.E.
April 19, 2001
Page 2 '

We appreciate the opportunity to work with Naperville and its staff. We are grateful for
the cooperation and assistance we received. Please call us with any questions or
comments you may have regarding this report.

Sincerely,

™

David E. Christianson
Vice President

PDia—IN 2o

Brian D. Farber
Project Manager

Attachments




Table of Contents

e TABLE OF CONTENTS
- Page No.
EXECUTIVE SUMMARY :
TIETOTUCLION oottt cve e ts e st ns s s s bssess st sas st s veeme e st sy emvaet amsnt s seansesnsmnars sasss ES-1
COSt-0f-STVICE ANALYSIS........cerereeincciiamnranssrensssssiesssrsesansarssssssasasssnssass esceessssssemmessons ES-2
Rate DeSign ANALYSIS .....cecieeccrrniecirnesmsanasirasscesasssnsnstesesssssrsassesesstsnssresesssssessersssassareese ES-5
Summary and ReCOMMENAAtIONS .....c......cevecinirirssrinnrcrssceecsrernissessssnssronssssssesnsessssseas ES-7
PART ! - INTRODUCTION
BatKEroung ottt bttt ettt s as e ae e s et I-1
Existing Electric Rate Structure .......ccocceeevnnenn. rrrassessesessriseessnanes I-2
SCOPE O STUAY ... st s s e s e area s sena . I3
Method of Analysis .............. rarreesranseb e eesntoea et e s se st aannan henesasarnras 1-3
SOUTCES OF DIALA ..ot s ssa e s et s 1-4
PART Hl - COST OF SERVICE ANALYSIS
OVEIVIEW .ottt ceecsn st tae e s s s memes st spenas s b s s st s seant saemasanstssmeaaemnssssemrarsessanssestn H-1
Adjusted Annual Revenue Requirement ........cocovccuvencene . veeressensraennanas II-1
Adjusted Statement of INCOME .....ccnoceirierrecsrnterecr et vee s ee e seese s sssesens 1I-2
Projections of Revenues and EXPEnses ....ovcerreevviiecenseensnnssnsrasscssnenscssossns -3
Rate Revenue FOTETast .........cvmririvecnnnetrrseanessessssssnsssesesreresssesssasassnes 113
Other Service and Operating Revenues Forecast -........ccuoaerrnircessenss 114
Purchased Power Expense FOrecast .........uuovivviieecennensiesesssseecienennnns IE-5
Depreciation Expense FOTecast .....ccoevvriminninresinrenssemsnesssssnsseasenns Ii-6
Interest Expense Projection.....ccocoienrrecereresesesseseesssssn s eessassesssens II-7
Summary of Adjusted Annual Revenue Requirement .......ccoveveeveeevemeveeeccrcenne 117
Cost-0f-ServiCe ANAIYSIS.....ccoceiirccrcuciriirreeerarsaesersseseters s s smssass s as s ssssassemnt e anmanerone 1-8
Unbundling of Adjusted Annual Revenue Requirement.........c.cco.coeecemevevssenne H-8
Unbundled Services.....c.oiearninreseie e esstessssrsssssssssssssssssoesenses 11-8
Assignment of Adjusted Annual Revenue Requirement..................... 119
Allocation of Adjusted Annual Revenue Requirement........o.oeveeveceeeenasiversnieane II-10
Rate Classifications..........ccveue.- cermttearseneaereesrenannarrer 11-10
Allocation Factors cerereressisere b ettt e s et benn basane gt e seees II-11
Energy Allocat:on .................................................................. 1I-12
Demand Allocation .......ccoevnnene ceerrans cevecrrmenenens 11=12
Customer ANoCAtION ...c.cccovveeevrneerieencsssneriserssessss e snesesnens II-14
Cost Allocation......cceeeerevrreranse cessebisrasntcbs et st et st s ar st s nrrees 11-14
Adjusted Rate Base ..........cccociieiieeecirecesennas s erssnasassssssssssases serssssessssassessressasrossnssenes II-15
Unbundling of Adjusted Rate Base ................ II-16
Allocation of Adjusted Rate Base..........c......... eeersnseresteneantseseneraeransens II-17
SUMINBLY oottt iceeisste e st e sasss s st s sem s asssseeassasesaensms st ssrsnes e ssasssssesansasasssnssmes I1-17
PART Ill - RATE DESIGN ANALYSIS
OIVEIVIEW co.eiriemesiiiiencncssssccnsossassranseseeseran e sassensssesssssstasns sens b ben remeresson sateaesasnsossasmmnesasns I11-1
Rate Classifications........ veeraneereennens cerereessaranans eeecenreeaeasenseerenns IIt-1
Existing Rates - . -2
Naperville Department of Public Utilities TOC-1 Burns & McDonnel Engineering Company

Electric Rate Study Kansas City, Missouri




Table of Contents

-~
o TABLE OF CONTENTS
(CONTINUED)
Page No.
PART Ill - RATE DESIGN (contmued)
Rate Design ARalYSIS .......cccevvmeemcccsierenrreenssesasseessen s sesserens ceeeemete e reeeatanaans {11-2
Residential Rate............... Vetereteeets e aateasseras et res e saras tpasenernanaine I11-3
Residential Electric Heating Ratc ....................................... III-3
General Service Rate..........cocvereoircecerecrriereescenarenenns rreeeerretaasaaaees 1114
Large General Service Rate........ seetssenseneastheesras e retesaneane ceesmesraserienas | HE
Primary Metering Rate............. eeeeaeeeatessenis et atneerastan et srensasnsraenresansetea 1I-7
Primary Metering Time-of-Use Rate ertremeee et S e a s I11-8
Transmission Metering RAte ..........ccocoeeeeeeersieestenvsceeseseneens e 11129
Government Rate.........ccceeerrevemrenannene. tunrretttreaann s et s it sttt rmat hnrnea srennass I-10
Municipal PUmPing RALE.......cu.oooueereceemtereeiesecese s sececorateemesesssosesensaseseans II-11
Athletic Field Lighting Rate........coceeiemreremsuenriercneasnsiseesasseseteeesesseeemssesersens 111-12
Contract Outdoor Lighting Rates ........ccoueemmmammroremmmnrcerianes . I1-12
Metered Outdoor Lighting RAte .........cecouerrrmeemvrsremmeescseeecnsscsenesmsesseessssssnnees 1-13
Traffic LIghting RAte.......vcuecrereececcceceemen s seese s seeemeee oo ceees s sesseeseseessesens I11-14
Cogenerator RAteS ... cuccvccecrierr e caesmssssems e sencnene HI-14
Other Rate Considerations.......ouversrimeeuieseneessesessesssssmrermsesteseseessssesmssssersesssssssssssessens 111-16
Conjunctive Billing for Demand ........coocorveumeiecrseeeeceenseeeesseseeessseeevsssee o nI-16
PART IV - SUMMARY AND RECOMMENDATIONS
SUIMIMAIY coceoresene ittt et esessat e s s s st sss s st vomseeeseen s e seesessese e sosss e sens sasans V-1
RECOMMENAALIONS ... .ooiemmeurerecer e sense s eassssscs s st e esessesaseessmssss s s ese e e Iv-2
APPENDIX A - FIGURES
Figure No.
1 Flow Diagram of Cost-of-Service Process
2 Calculation of Annual Revenue Requirement
APPENDIX B - TABLES
Table No.
1 - Adjusted Statement of Income
2 Sales and Revenue Forecast
3 Purchased Power Expense Forecast
4 Depreciation Expense Forecast
5 Unbundled Assignment of Adjusted Revenue Requirement
6 Allocation of Unbundled Adjusted Revenue Requirement
7 Rate Base Forecast
8 Unbundled Assignment of Adjusted Rate Base
9 Allocation of Unbundled Adjusted Rate Base
- Naperville Department of Public Utilities TOC-2 Burns.& McDonnell Engineering Company

Electric Rate Study Kansas City, Missouri




Table of Contents

TABLE OF CONTENTS
(CONTINUED)

APPENDIX B - TABLES (continued)
Table No.

10 Summary of Cost of Service

11 Current and Proposed Retail Electric Rates

12 Summary Comparison of Allocated Revenue Requirement and Projected Revenues From
Proposed Rates

13 Residential Monthly Bill Comparison

14 Residential Electric Heating Monthly Bill Comparison

15 General Service Monthly Bill Comparison

16 Large General Service Monthiy Bill Comparison

17 Large General Service — High Load Factor Monthly Bill Comparison

18 Primary Metering Monthly Bill Comparison

19 Primary Metering — High Load Factor Moathly Bill Comparison

20 Municipal Monthly Bill Comparison

21 Municipal Pumping Monthly Bill Comparison

22 Athletic Field Lighting Monthly Bill Comparison

23 Metered Outdoor Lighting Monthly Bill Comparison

24 Traffic Lighting Monthly Bill Comparison

LR

Naperville Department of Public Utilities TOC-3 Burns & McDonnell Engineering Company
Eleciric Rate Study Kansas City, Missoun




EXECUTIVE SUMMARY




Executive Summary

EXECUTIVE SUMMARY

INTRODUCTION

The City of Naperville, IHinois (the City) retained Burns & McDonnell Engineering Company (BMC) of
Kansas City, Missouri, to prepare an Electric Rate Study for the electric utility of the Napervilie
Department of Public Utilities (Naperville). This report describes the electric cost-of-service analysis and

retail rate design completed for Naperville.

Napervilie’slcurrent electric rates were developed by BMC and documented in the Report on the Electric
Cost-of-Service and Retail Rate Design Study, dated May 9, 1995. The rates designed in this 1995 study
were implemented effective November 1, 1995. Since that time, Naperville’s electric system load has
increased substantially due not only to the rapid growth in the numbers of residential and small
commercial customers, but also the significant additional loads of several large general service customers.
In addition, the electric utility industry has continued to change significantly. In the future, Naperville will

experience increased pressure from its customers to provide reliable electric service at competitive prices.

This Electric Rate Study was initiated by the City primarily to assess the potential impacts of the issues
described above on Naperville's revenues and costs, its overall financial position, and its retail electric

rates over the next several years.
Naperville’s objectives for this rate study included:

¢ To update retail rates based on changing costs of providing service.

s To ensure full recovery of costs of providing service.

s To adopt current leading edge practices in design of rate alternatives.

¢ To build and improve upon the rate enhancements achieved with the last retail rate change
implemented November 1, 1995.

& To consider the results of previous studies related to the rates charged to Lucent Technologies and to

customers having-cogeneration facilities.

Naperville and the City’s Finance Department provided the information used in the preparation of this
cost-of-service ana]ysis and rate design study. This included various analyses, computer-generated
information and reports, audited financial reports, and other financial and statistical information, as well

as other documents such as power bills, debt service schedules, and current retail electric rate schedules.

Naperville Department of Public Utilities E3-1 Burns & McDonnell Engineering Company
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Executive Summary

. _ Naperville also provided input to key assumptions regarding expected future levels of revenue, sales, and

expenditures.

COST-OF-SERVICE ANALYSIS

BMC prepared an electric unbundled, allocated cost-of-service analysis for Naperville. This analysis
resulted in comparisons of the revenue requirement allocated to each rate classification to the revenues
provided by Naperville’s current retail electric rates. The analysis was developed within BMC’s

Unbundle™ software, a proprietary cost-of-service model for electric utilities.

BMC developed the adjusted annual revenue requirement to be used as the basis for Naperville's
allocated, unbundled cost-of-service analysis. This adjusted annual revenue requirement was determined
by calculating three-year averages of projections for each of the various component revenues and
expenses for Naperville’s fiscal years (FY) 2002 through 2004. The adjusted annual revenue requirement
and cost-of-service analysis were based on three-year averages of projected revenues and expenses for
Naperville such that proposed retail electric rates resulting from this study should provide sufficient

revenues for at least the next three years.

)ﬁIn the development of the projections of revenue and expenses for FY2002 through FY2004, BMC began
with the financial operating results of Naperville for the fiscal year ended April 30, 1999 (FY 1999).
However, since the accounting records for Naperville are maintained in the City’s governmental
accounting system, the account structure and account numbers are not defined in accordance with the
Uniform System of Accounts of the Federal Energy Reguiatory Commission (FERC). As a result, in
preparation for this rate study, the staff of the City’s Finance Department spent a substantial amount of

time translating the available detail account data for FY 1999 to the FERC System of Accounts.

BMC believes that the current accounting software used by the City has the capacity and flexibility that
would allow the FERC system of accounts to be implemented for the electric utility. Naperville should
consider implementing additional project numbers for capturing operating and maintenance expenses on a
functional basis. This would better support the unbundling anatysis (discussed later in this section) of the
annual revenue requirement and would facilitate more timely data collection for updates to the cost-of-
service analysis for future rate studies. It also is becoming increasingly more important for Naperville to
be able to analyze and better manage its costs, in detail, and to readily benchmark its operating
performance against other utilities. BMC reiterates its recommendation that the City and Naperville give

this issue serious consideration. ' A
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. . BMC developed projections for each of Naperville’s revenues and expenses. For major items such as Rate

Revenues, Other Operating Revenues, Cost of Purchased Power, Depreciation Expense, and Interest on
Long-Term Debt, projections were developed for each fiscal year through FY2004 based on Napervilie's
load forecast, budget data, debt amortization schedule, and specific assumptions about future conditions.
All other line items of revenue and expense were either held constant at FY 1999 levels or were escalated
at a compounded average rate of growth of 6.7 percent per year. BMC calculated this composite annual
growth rate based on expense level changes anticipated in the FY2004 Budget as compared to the
FY2001 Budget for the Administration, Support Services, Electrical Engineering, Distribution, and
‘Supp]y and Control Divisions. The budget figures were obtained from the Five Year Financial Plan
FY2001-2006 for the Electric Utility Fund. Net margins were determined based on a target interest

coverage level of 3.00 (consistent with the financial performance target assumed in the 1995 study).

The adjusted annual cost of service consists of total operating expenses, including interest expenses, plus
total net margins. The adjusted annual revenue requirement is equal to the annual cost of service minus
other revenue. Naperville’s adjusted annual revenue requirement was forecast to be $75,164,160. The
projected annual electric rate revenue from the current rates was $81,551,039. Therefore, the analysis

indicated the potential for a revenue decrease of $6,386,879, or 7.8 percent.

The adjusted annual revenue requirement was then unbundled by functional utility service. In analyzing
the functional services Naperville currently provides to its utility customers, BMC and the Naperville
staff identified 12 specific services in the categories of power supply, system control, transmission,

distribution, customer service, and shared services.

The final adjusted amount for each detail account/element of other revenue, operating expense, net
operating margins, and net non-operating margins were assigned to one or more of these unbundled
services. The unbundled assignment of each amount was based on the utilization of specific data to
estimate the portions of each item attributable to the various functional services. The adjusted amount for
each item was assigned using one of the following approaches: direct assignment, assumed percentages,

statistical factors, and composite ratios.

Naperville Department of Public Utilities ES-3 Burns & McDonnell Engineering Company
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The manner in which each account/element was assigned among the functional services varied based on
the nature of the account. BMC developed the proposed unbundling of the accounts/elements of
Naperville’s adjusted annual revenue requirement based on its understanding of the types of costs

included in each account.

In general, the assignment of the adjusted annual revenue requirement for Naperville was based on an
underlying premise that in a restructured electric utility environment, recovery of the costs of power
supply would be somewhat at risk. If retail competition were to be implemented for Naperville, and an
existing customer were 1o choose to purchase its power from a different supplier, the fixed costs
associated with the sales lost would not be recovered. Therefore, certain costs were assigned only to the

non-power supply functional services.

Following the unbundling of the various components of the adjusted annual revenue requirement to the
functional utility services, the unbundled revenue requirement was further aliocated to Naperville’s retail
rate classifications. These allocations were developed to reflect the relative impact each rate class has had

on the level of each component.

Naperville currently bills its customers based on its electric rate schedules, which became effective
November 1, 1995. Two rate schedules were later amended as of July 21, 1998, Naperville also provides
electric service to three customers under separate individual contracts because they each own their own

electric cogeneration equipment (Nalco Chemical, BP, and NICOR).

BMC utilized detailed billing history data for FY 1999 and projections of future sales and joads provided

by Naperville to develop a series of allocation factors. Based on statistical billing determinants, estimates

of the contributions of each rate classification to Naperville’s total annual system energy requirements,
power supply billing demand, and noncoincident distribution system demand were developed. In addition,
the numbers of customers on Naperville's system in total and in each rate category were also determined.
Ratios were calculated of each class’s contribution for each statistic to the corresponding total. These

ratios were identified as the allocation factors used to allocate each unbundled component of the adjusted ..

annual revenue requirement to Naperville’s rate classes.

Each component item of the adjusted annual revenue requirement was allocated to the appropriate
customer classifications using the corresponding allocation factors. The allocated amounts were

summarized for each rate class/customer, both in dollars and on a cents/kilowatt-hour (kWh) basis. Based
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L

on the results of the allocation of the adjusted annual revenue requirement to the rate classifications and
individual customers included in the cost-of-service analysis, Naperville determined that it was

appropriate to combine several of the current ciassifications and customers analyzed into fewer groups.
The proposed changes to the rate classifications included:

e (Combination of General Service Rate and General Service Electric Heating Rate classes
e Combination of Large General Service Rate, Educational Institution Rate, and Religious Institution
Rate classes

e (Combination of Government Rate and Municipal Rate classes

BMC also developed a forecast of Naperville’s rate base in order to determine the effective return on rate
base. Rate base includes net utility plant-in-service, plus working capital, minus deductions for funds held
for others (which effectively reduce the total investment in the utility). 1t is a representation of the total
net capital invested in the utility. The projected total adjusted rate base for the three-year period FY2002
through FY2004 was forecast to be $183,479,660. Once determined, the average rate base for the period
through FY2004 was also unbundled and allocated in a manner similar to thét of the adjusted annual

revenue requirement.

The results of the cost-of-service analysis were broken down by rate classification into energy-related
costs, expressed in dollars and cents/lkWh; demand-related costs, expressed in dollars and dollars per kW
of system power supply billing demand per month; and customer-related costs, expressed in dollars per

customer per month. Also, the total cost of service was expressed in dollars and cents’kWh.

RATE DESIGN ANALYSIS
The unbundied, allocated cost-of-service analysis completed for Naperville by BMC served as input to

the analysis and design of revised retail rates for Naperville’s consideration.

The current rate structures for the Residential, General Service, Metered Outdoor Lighting, and Traffic
Lighting Rates each include a monthly customer charge and a flat energy charge per kWh used. The
Residential Electric Heating Rate includes a second energy block with a reduced rate for energy used over
800 kWh applicabie for the months of October throngh May. The contract Outdoor Lighting Rate consists
of flat monthly fees for each of various sizes of fixtures. The remaining rate schedules include monthly

customer charges, flat demand charges applicable to maximum demand, and flat energy charges. The
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